Background: Complex cardiovascular procedures may initiate a systemic inflammatory response syndrome (SIRS) with a massive cytokine release, which is involved in postoperative myocardial injury. Intraoperative cytokine hemoadsorption (HA) mitigates the inflammatory response. Micro ribonucleic acids (miRNAs) are emerging as a marker of myocardial injury.
Introduction
Cardiac surgery may cause a systemic inflammatory response syndrome (SIRS) with massive cytokine release. Cytokine storm is a major mechanism of adverse defensive reactions after infection or trauma [1] . SIRS after cardiac surgery causes postoperative multiorgan dysfunction, including that of the heart [2, 3] . A clinical hemoadsorption (HA) device CytoSorb (CytoSorbens Europe, Berlin, Germany) was developed to reduce cytokines when cytokine levels are elevated. A recent meta-analysis concluded that CytoSorb is the most promising current device, based on data from animal studies and initial clinical results [4, 5] .
Recent studies in adults with different cardiac morbidities have suggested an important role for micro ribonucleic acids (miRNAs) in the pathogenesis of numerous cardiovascular diseases. It has been shown that miRNAs regulate multiple intracellular proteins that function in growth, differentiation, metabolism and apoptosis. MiRNAs are released from cells to mediate intercellular communication after injury [6] . For example, miRNAs have been detected in the plasma under various conditions, including acute coronary syndrome, myocardial infarction, myocardial ischemia-reperfusion injury and after coronary artery bypass grafting (CABG) or heart transplantation, making them a promising biomarker of myocardial injury.
Recent studies have revealed cross-regulation between miRNA and cytokine pathways. It has been shown that miR-NA-223 and miRNA-126 dampen inflammatory response, while proinflammatory cytokines such as interleukin (IL)-6, tumor necrosis factor (TNF)-α and others modulate miRNA expression and secretion in response to injury [7] [8] [9] [10] . Increased miRNA-1 and/or decreased miRNA-133 levels are associated with myocyte apoptosis in response to ischemia-reperfusion injury [11] [12] [13] [14] .
Cross-regulation between cytokines and miRNAs during complex cardiac procedures, such as cardiac operations, has not been studied yet. We hypothesized that intraopera-MiRNA-133a Increases by Cytokine HA J Clin Med Res. 2019;11 (12) :789-797 tive cytokine reduction by HA modulates SIRS estimated by miRNA-223 and miRNA-126 and affects miRNA-1 and miR-NA-133a release after cardioplegic arrest in complex cardiovascular operations.
Materials and Methods
The study was a randomized, patient-blinded trial performed in a single location with two treatment variables. The study focused on the effects of intraoperative cytokine HA on myocardial, monocyte and vascular miRNAs plasma levels as a primary outcome, and hematological, biochemical and clinical variables as the secondary outcome in 36 patients undergoing cardiac operations. The study was conducted between September 2015 and June 2017. The study was approved by the ethics committee of our institution and was conducted in accordance with the Helsinki Declaration and ICH-GCP guidelines. Per the Consolidated Standards of Reporting Trials guidelines, the trial timeline is shown in Figure 1 . Patients excluded from the study included those with rheumatoid arthritis, asthma, cancer, autoimmune disease or those receiving steroidal or nonsteroidal anti-inflammatory drug therapy. Eligible patients were enrolled the day before surgery, and written informed consent was obtained from all patients. Patients were assigned to one of the two treatment arms in a 1:1 ratio using computer-generated system just before surgery. The lab analysts were blinded to patient data and study groups. Laboratory and clinical data were documented in a paper case report form (CRF) daily by the members of the study team. Afterwards, all data were transferred to an electronic data register for research trials in the institutional server database. Patients were premedicated with pregabalin. Anesthesia was induced with propofol, sufentanil and rocuronium, maintained with the same anesthetics and supplemented with desflurane before and after cardiopulmonary bypass (CPB) to sustain a bispectral index between 37 and 57. Patients were ventilated with an anesthesia machine Drager Zeus (Dragerwerk, Lubeck, Germany) to sustain normocapnia and arterial partial oxygen tension between 13 and 20 kPa. All patients were subjected to a routine median sternotomy and standard tepid hypothermic CPB (Stockert S5 perfusion system; Sorin Group, Munich, Germany) with an extracorporeal membrane oxygenator (PRIMO2X; Sorin, Mirandola, Italy). Cold blood cardioplegia was used to preserve the heart. Porcine heparin was administered at 3 mg/kg, and additional doses were administered to maintain a window to prevent clotting for at least 420 s. CPB heparin was neutralized with an equal dose of protamine sulphate. CytoSorb™ adsorber (CytoSorbens Europe GmbH Berlin, Germany) was installed on the CPB circuit. The device was filled with adsorbent polymer beads composed of porous polymerized divinylbenzene. Beads adsorb hydrophobic molecules in a size range of approximately 10 to 55 kD, removing almost all known cytokines. Arterial blood was flowed through cartridge by using side arm coming from arterial line and given back to the venous reservoir. Blood flow through the cartridge was in the range of 300 -500 mL/min, measured by flow sensor (Sorin Group, Munich, Germany). For Ross operation, cryopreserved pulmonary homograft (Tissue bank of the Motol Univ. Hosp. Prague) was implanted to the pulmonary position, and pulmonary autograft was implanted to the aortic position. David operation included the reimplantation of the native aortic valve and the replacement of the diseased aortic root and the ascending aorta.
Blood and tissue sampling
Five milliliter of blood was obtained from each patient via an Myocardial tissue samples were collected from the right auricular appendage or the right atrium before cannulation and after decannulation of the venous cannula. Tissue samples were transferred to siliconized microcentrifuge tubes and immediately frozen in liquid nitrogen. These samples were stored in liquid nitrogen and then at -70 °C before processing. Blood was collected for measuring C-reactive protein (CRP), procalcitonin, fibrinogen, thrombocytes, free hemoglobin (fHb) and leukocytes at the same time intervals. A Sysmex XN1000 analyzer (Sysmex Corp., Kobe, Japan) was used for hematological analysis including the SIRS marker NE-SFL (Neutrophil-fluorescent light intensity of the neutrophil area on the white blood cell differential) [15] . FHb was analyzed by spectrophotometry (UV/Vis spectrophotometer WPA S1200+).
To assess cognitive function, the Montreal cognitive assessment (MoCA) was administered the day before the operation and immediately prior to hospital discharge. MoCA assessed eight cognitive domains: short term memory, attention, awareness, executive function, concentration, working memory, language and temporal orientation. MoCA was used in cardiac surgery patients with excellent sensitivity (90%) and specificity (87%). A score of < 26 was considered mild cognitive impairment [16, 17] .
RNA extraction and quantitative real-time polymerase chain reaction (qRT-PCR) analysis of miRNA levels
Blood plasma and atrial tissue were stored at -70 °C and handled to avoid RNA degradation for all the time before RNA extraction. Total RNA was isolated using mirVana miRNA Isolation Kit (Thermo Fisher-US) according to the manufacturer's instruction without enrichment procedure for small RNAs, and cDNA was immediately synthesized using TaqMan™ Advanced miRNA cDNA Synthesis Kit (Thermo Fisher-US). TaqMan Advanced miRNA Assays and TaqMan Fast Advanced Master Mix were used for qRT-PCR. MiR-1 was amplified with ID 477820_mir, miR-133a with ID 478511_mir, miR-23b with ID 478602_mir, miR-126 with ID 477887_mir, miR-223 with ID 477983_mir, miR-17-5p with ID 478447_mir, miR-484 with ID 478308_mir and miR-24 with ID 477992_mir assay. The qRT-PCR reactions were loaded into 384-well plates using TECAN FreedomEVO 150 in a final volume of 12 µL and run in LightCycler480 II (Roche) in triplicate. The miR-17-5p, miR-484 and miR-24 were used as references to normalize miRNA levels [18, 19] . Normalized miRNA levels were analyzed using Advanced Relative Quantification and FitPoints method for Cp measurements (implemented in LightCycler software). MiRNA levels are presented as ratios of normalized miRNA level in relation to miRNA level in plasma/tissue before surgery.
Statistical analysis
Demographic and clinical data were summarized by mean and standard deviation or mean and range, expressed through minimum and maximum for metric variables or absolute frequencies for categorical variables. Plasma and tissue miRNA levels were presented as the fold-change relative to T1 (preoperative value), defined as 1,0. We used the relative quantitative method of 2 -ΔΔCt to measure the differences in expression of selected miRNAs by RT-qPCR [20] . Differences between groups were analyzed by using Student's t-test for continuous variables and Fisher's exact test for comparison of frequencies between two groups. Numeric data not normally distributed were compared with a Mann-Whitney U-test. Differences within groups were analyzed using a Wilcoxon test. An alpha of 0.05 was set as the level of statistical significance and indicated with * or #.
Results

Patient characteristics
The selection process for patients included into the study is depicted in Figure 1 .
The distribution of sex, age, weight, preoperative cardiac function, medication and Euroscore II did not differ between groups and are shown in Table 1 . There were young patients, without serious comorbidities, minimal medications and low Euroscore. Patients had a comprehensive operation of aortic root: Ross operation in 93% and David operation in 7%. There were no operation-related deaths or permanent serious complications.
Plasma level of myocardial microRNA-133a is more increased by cytokine HA during a comprehensive operation of the aortic root As shown in Table 2 and Figure 2 , plasma levels of miRNA133a increased postoperatively in the both groups but increased much more in the HA group at T2: 63.135 times versus 2.24 times in the control group (P = 0.037) and T4: 62.938 times versus 3.786 times (P = 0.017).
Plasma level of myocardial microRNA-1 is increased during a comprehensive operation of the aortic root
As shown in Table 2 and Figure 2 , there was a significant increase in miRNA-1 plasma levels between presurgery (T1) and at 3 h (T2) with a peak at 6 h (T3) and after 18 h post-reperfusion (T4) in both groups. MiRNA-1 levels in tissue samples were slightly increased postoperatively but the increase was 
Plasma level of platelet and monocyte enriched miRNA-223 is increased after comprehensive operations of the aortic root, but vascular miRNA-126 was not affected
As shown in Table 2 , compared to T1, there was a significant increase in miRNA-223 plasma levels in the HA group at T4: 2.143 times (P = 0.005) and at T5: 1.987 times (P = 0.01).
In the C group, there was a significant decrease at T2: 0.645 times (P = 0.036), and subsequently followed with increase at T4 and T5 (2.082 times, P = 0.036 and 3.16 times, P = 0.025, respectively). Plasma levels of vascular miRNA-126 gradually decreased in both groups, but the changes were not statistically significant. There were no significant differences in miRNA-223 and miRNA-126 between the groups.
Secondary outcomes: laboratory and clinical parameters
We did not observe differences between the groups in inflammatory mediators such as CRP, leukocytes, platelets and fibrinogen levels, and only differences in procalcitonin (PCT) values came close to statistical significance (Table 3) . Also, the analysis of white blood cell count and differentials such as neutrophils, immature granulocytes counts and neutrophil SFL (sepsis marker) did not show differences between the groups. FHb increased immediately after the operation: 383 g/L (181; 463) in the HA group versus 369 g/L (172; 477) in the control group and then gradually decreased, but there were no differences between the groups (P = 0.599). MoCA showed a onepoint decline, as a difference between preoperative and at the hospital discharge questionnaires: HA: 1 (-2; 5) versus control: 1 (-3; 5) (P = 0.817). We did not find differences in the need for vasoconstrictors and inotropics. Extubation time was approximately 4 h (2; 10) to 5 h (3; 8) (P = 0.176), discharge from the ICU was approximately 2 days (1; 3) to 3 days (1; 4) (P = 0.085) and discharge from the hospital was approximately 9 days (7; 14) to 8 days (7; 15) (P = 0.419).
Discussion
Cardiac surgery is associated with an unpredictable immune system activation demonstrated by an increase in proinflammatory cytokines and decrease in anti-inflammatory cytokines. This imbalance in defensive reaction is historically known as SIRS. SIRS is linked with temporary depression and injury in vital organs such as the heart, lungs, brain and splanchnic organs. Despite debates about the clinical importance of SIRS, increasing evidence suggests that after cardiac surgery, SIRS contributes to longer hospitalization in the ICU and higher early postoperative mortality due to organ dysfunction [21] . The knowledge of SIRS pathophysiology has stimulated the development of preventive and therapeutic strategies: prevention includes refinement of surgical techniques and improved biocompatibility of extracorporeal systems or systemic preconditioning [22] . Such methods have resulted in reasonable success, but they appeared to be not fully effective in complex and long lasting surgical procedures. Potential therapy could influence the inflammatory response pharmacologically (corticoids) or decrease activated host defense factors levels and activity either nonspecifically (plasma-cyto-apheresis) or selectively (HA) [23, 24] . Recent studies have indicated a close relationship between cytokines and miRNAs, as miRNA expression is modulated in response to cytokine stimulation [25] and cytokine production is regulated by miRNAs [26] . Because miRNAs play a pivotal role in modulating cardiac function and repair, it is expected The data are presented as median (min.; max). P1: Comparisons of continuous parameters between groups were computed using a Mann-Whitney U-test. P2: A Wilcoxon paired test was used to assess the significance of time related changes within groups. Plasma and tissue miRNA levels were presented as the fold-change relative to T1 (preoperative value), defined as 1,0. Statistically significant differences are indicated by an asterisk (*) between groups and a hash tag (#) within groups. HA: hemoadsorption group. T1: after induction of anesthesia; T2: 3 h; T3: 6 h; T4: 18 h; T5: 42 h after myocardial reperfusion.
MiRNA-133a Increases by Cytokine HA J Clin Med Res. 2019;11 (12) :789-797 that cytokines modulate myocardial miRNA expression during the postoperative inflammatory response. It has been found that inflammatory cytokines including TNF-α, interferon-α (IFN-α) and IL-1β decrease expression of myogenic miRNAs in muscle inflammation [27] . Several recent studies have found that plasma levels of myogenic miRNAs were elevated after open-heart surgeries, correlated with serum levels of cardiac troponin (cTnI), and responded earlier to myocardial ischemia and infarction than cTnI [28] [29] [30] [31] . Through passive release or active secretion, circulating miRNA levels could serve as signaling molecules and have a systemic influence [6] . We also detected high miRNA-1 and miRNA-133a plasma levels in both groups, but miRNA-133a plasma levels were more strongly elevated in the HA group, compared with the control group. The first peak (in hours) of miRNA-133a may come from injured myocytes and the second peak (in days) may be the result of increased expression to initiate myocardial regeneration [32] . If inflammatory cytokines decrease expression of myogenic miRNAs, reduction of cytokines maintained intracellular levels of myogenic miRNAs, which are more released to circulation. Higher miRNA-133a plasma levels are indicative of more extensive myocardial injury or they may reflect some other process mimicking extensive myocardial injury in the HA group compared to control group.
The differences between the myogenic miRNAs in plasma levels could also be that although miRNA-1 and miRNA-133a are simultaneously released from the myocytes, their plasma carriers can be affected differently by the cytokine imbalance or by HA itself, resulting in their different relative levels.
In our study, we measured high interindividual differences in miRNAs levels within groups. This result may misrepresent measured differences, which must be verified using larger study group. A greater homogeneity may be achieved by identifying those diagnoses with more exaggerated defense response such as endocarditis. Myogenic miRNAs originate from the myocardium as well as other muscles. We detected miRNA-1 from atrial tissue before and after CPB, but there was no statistical significance between the groups, likely due to short interval between sample harvesting. Despite this, we hypothesize that the heart was the major source of miRNA-1 and miRNA-133a due to injury after 2 h resulting in ischemic cardioplegic arrest, while skeletal muscle tissue was normally perfused.
We also measured platelet and monocyte-enriched miR-NA-223 because plasma miRNA-223 regulates inflammatory responses during cardiac surgery. In fact, miRNA-223 has a homeostatic role in the systemic inflammatory response by dampening inflammatory cytokines via nuclear factor (NF)-kappaB downregulation [8] . We detected significant elevation of miRNA-223 the first and second postoperative days for both the groups suggesting that a homeostatic mechanism was activated. We also measured plasma levels of endothelial miRNA-126, which diminish leukocyte trafficking and vascular inflammation by regulating endothelial vascular cell adhesion molecule 1 (VCAM-1) expression [33] . Plasma levels of vascular miRNA-126 gradually decreased in both groups, but the changes were not statistically significant. There were at least two limitations of this study. First, we did not measure markers of myocardial necrosis or apoptosis. Based on previous studies, we assumed that the HA group had decreased myocardial injury. Second, we do not know whether the observed differences were the result of substances other than cytokines.
Conclusion
Intraoperative cytokine HA increased the plasma levels of miRNA-133a, suggesting higher myocardial injury. Monocyte miRNA-223 and vascular miRNA-126 levels were not significantly affected by HA, and postoperative dynamics showed that the homeostatic regulations of the inflammatory response were preserved. Additional research is required to determine whether intraoperative cytokine HA affects myocardial recovery in complex cardiovascular procedures. Values are presented as number (abs), percentage (%), median (min.; max). 3-1 dif: the difference between T3 and T1. Laboratory data are compared between the groups as the difference between the peek value (T3) and the preoperative value (T1). The listed P values of statistical tests were calculated by using Mann-Whitney U-test. HA: hemoadsorption; Neutrophil-SFL (septic marker): the fluorescent light intensity of the neutrophil area on the white blood cell differential scattergram; CRP: C-reactive protein; ICU: intensive care unit; MoCA: Montreal cognitive assessement; PCT: procalcitonin.
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